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© Process for the production of k-caseln glycomacropeptide. 

© A process for the efficient production of x-casein 
GMP on an industrial scale, in high purity, is realized 
by using as a starting effluent an effluent of rennet- 
casein curd, free of whey proteins, lactose and the 
like. The pH of the effluent is set to an acidic range 
to precipitate calcium phosphate and then after re- 
moving the precipitate the resulting effluent is sub- 
jected to a desalting treatment. 
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PROCESS FOR THE PRODUCTION OF x-CASEIN GLYCOMACROPEPTIDE 



This invention relates to a process for the pro- 
duction of x-casein gtycomacropeptide useful as a 
stalic-acid-conjugating sialic acid standard compo- 
sition. Such composition can be used in assay kits 
for sialic acid, and as an infection protectant 

x-Casein giycomacropeptide (hereinafter ab- 
breviated as " jr-casein GMP W ) is a sialic-acid- 
conjugating peptide which is formed when rennin 
or pepsin is caused to act on x-caseln in cow's 
milk. Cheese whey has been known for many 
years to contain x-casein GMP. 

As a production method for x-casein GMP, it 
has been practised as a laboratory study to pre- 
pare x-casein GMP, for example, by causing pep- 
sin to act on a solution in deionized water of x- 
casein, which has been isolated from cow's milk, 
adding trichloroacetic acid to precipitate the para-x- 
casein fraction, dialyzing the resultant supernatant 
liquid against deionized water to desalt same, and 
then iyophilizing the resulting diaiysate (Stan et at, 
"Bulletin of Experimental Biology and Medicine", 
96, 889 (1983)] or by dissolving the above-men- 
tioned x-casein in deionized water, adjusting the 
pH of the resultant solution to 6.7, causing rennet 
to act on the x-casein, adjusting the pH of the 
solution to 4.6 to precipitate and remove para-x- 
casein, subjecting the resultant supernatant liquid 
to dialysis to desalt same, and then Iyophilizing the 
thus-prepared solution ["Milk Protein", page 200, 
Academic Press Inc.]. 

These methods are, however, for laboratory 
study and obviously cannot be said to be suitable 
for mass production. 

No investigation has been made regarding the 
process for mass production of x-casein GMP be- 
cause no industrial utility has been known to date 
with respect to x-casein GMP. 

It has however been reported recently that x- 
casein GMP is effective in lowering the appetite of 
dogs [Stan et al.. "Bulletin of Experimental Biology 
and Medicine". 96, 889 (1983)]. it has thus been 
found that x-casein GMP can be used as a food 
additive for the prevention of excess weight 

It has also been found that x-casein GMP is 
extremely effective as a standard composition for a 
kit for the assay of sialic acid. Besides, its various 
physiological activities are expected to find utility. 
There is thus an outstanding demand for its pro- 
duction on an industrial scale. 

With the foregoing in view, the present inven- 
tion aims to provide a process, for the efficient 
production of x-casein GMP on an industrial scale. 

The production of x-casein GMP according to 
this invention can start from a raw material which 
has been obtained by using as a starting material 



an efftuent available upon preparation of rennet- 
casein curd, adjusting the pH of the efftuent to an 
acidic range, removing the resultant precipitate, 
and then subjecting the thus-prepared supernatant 

5 liquid to a desalting treatment 

According to the present invention, there is 
provided a process for the production of x-casein 
giycomacropeptide, which comprises subjecting a 
casein to an enzymatic milk-coagulating treatment 

to to obtain non-coagulate components as an effluent 
keeping or rendering the effluent acidic to form a 
precipitate, removing the precipitate from the ef- 
fluent, and then subjecting the effluent to a desal- 
ting treatment 

is The invention will now be explained in more 

detail in the following description, which is given by 
way of example only. 

Since the selection of a raw material is ex- 
tremely important for the economical mass produc- 

20 tion of x-casein GMP, a variety of raw materials 
was studied in work leading to the present inven- 
tion. As a result it has become feasible to conduct 
its mass production advantageously by using an 
effluent which has been obtained upon preparation 

25 of rennet-casein curd, as a raw material and then 
recovering x-casein GMP contained in the effluent 
As a method for forming rennet-casein curd and 
obtaining an effluent may be mentioned the expo- 
sure of a casein such as add casein, sodium 

30 caseinate, calcium caseinate or the like to an en- 
zymatic milk-coagulating treatment with rennin 
and/or pepsin and then to remove the resulting 
coagulum (rennet-casein) by decantation, cehtrifu- 
gation, filtration or a like separation technique. 

as Whichever starting material is used, it is a casein, it 
is hence free of whey proteins, lactose and the like, 
so that the subsequent steps can be simplified. As 
preferred starting materials,- acid casein, sodium 
caseinate and calcium caseinate may be men- 

40 tioned. One or more of these caseins are subjected 
to a milk-coagulating treatment by using rennin 
and/or pepsin and if necessary, by adding divalent 
metal ions to make a suitable concentration, where- 
by rennet-casein curd is formed. An effluent also 

45 formed at the same time is used as a raw material. 
An effluent (whey) known in general, for example, 
cheese whey is known to contain GMP. Hence 
using this whey as a raw material may be con- 
templated. The whey however contains various 

so whey proteins in addition to GMP, thereby making 
it difficult as a matter of fact to recover high-purity 
GMP. Using x-casein as a raw material instead of 
whey may also be contemplated. Although a pro- 
cess has been proposed for the industrial isolation 
of x-casein from milk (Japanese Patent Laid-Open 
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No. 91.848/1984), this process requires gel filtration 
and cannot hence avoid a high production cost 
Therefore, the process making use of x-casein as a 
raw material has low practical utility. 

The use of an effluent useful in the practice of 
this invention is free of problems such as those 
mentioned above. Although the effluent has an 
advantage that it contains neither whey proteins nor 
lactose, it contains a great deal of calcium phos- 
phate like cheese whey. Since calcium phosphate 
is substantially insoluble, the use of the effluent 
involves a problem that the subsequent steps for 
the recovery of x-casein GMP are very difficult to 
perform. 

In the present invention, as a method for re- 
moving calcium phosphate from the effluent the 
pH of the effluent is adjusted to an acidic range, 
preferably, to 4-5 so that calcium phosphate can be 
precipitated and removed effectively. 

As a cause for this precipitation of calcium 
phosphate, it may be mentioned that when small 
amounts of coexistent casein and decomposition 
products of casein other than x-casein GMP re- 
maining in the effluent undergo isoelectric precipi- 
tation, they probably precipitate with calcium phos- 
phate contained therein. 

The solubility itself of calcium phosphate is 
substantially independent on the above pH adjust- 
ment However, the above-mentioned coexistent 
casein fragments seem to precipitate along with 
calcium phosphate contained therein upon precipi- 
tation of the casein fragments at a pH in the acidic 
range. 

It is preferable to heat the effluent to about 40- 
50 °C and maintain it in order to promote the for- 
mation of the above-mentioned precipitate in the 
effluent Centrifugal separation or filter filtration 
may be used preferably for the removal of the 
resultant precipitate. A general clarifier may be 
used for the centrifugal separation, while the filter 
filtration may be effected by using a filter press 
and microfilter either singly or in combination. 

A supernatant liquid which has been obtained 
by removing the above precipitate from the effluent 
is desalted or concentrated and desalted, prefer- 
ably after readjusting its pH to neutral. The super- 
natant liquid obtained as described above has a 
high ash content and the purity of the resulting x- 
casein GMP is lowered accordingly. If the liquid is 
added to foods, it is difficult to adjust their mineral 
balance due to the excess mineral contents. If x- 
casein GMP is used as powder on the other hand, 
the efficiency of the drying step for the liquid is low 
because its concentration in the liquid is low. 

Concentration of the x-casein GMP may be 
effected by vacuum evaporation, heat concentra- 
tion, concentration making use of a reverse osmo- 
sis membrane (RO membrane) or the like, while 



the desalting may be conducted by using an ion- 
exchange resin, electrodiaiysis (ED) or an RO 
membrane. The use of an RO membrane is effec- 
tive because the concentration and desalting can 

5 be performed at the same time. 

The supernatant which has been subjected to 
the above concentration and desalting may be sub- 
jected to sterilization, followed by spray drying, 
freeze-drying or the like. 

10 x-casein GMP obtained as described above 

has a purity of at least 80%, a sialic acid content of 
at least 5% and an ash content up to 10%, so that 
high-quality x-casein GMP can be obtained. 

As has been mentioned ;above, according to 

75 this invention, an economical effluent formed upon 
preparation of rennet-casein is used as a raw ma- 
terial and high-purity x-casein GMP can be ob- 
tained. It is hence possible to produce the x-casein 
GMP on an industrial scale. Thus, this is advanta- 

20 geous for the utilization of x-casein. 

The present invention wiH hereinafter be de- 
scribed specificaTiy, and non-Iimitatively, with refer- 
ence to the following Examples. 

25 

Example 1: 

After dissolving 30 kg of sodium caseinate in 

30 330 t of warm water of 50 °C, the resultant solution 
was cooled to 37° C and maintained constant at 
that temperature. The pH of the solution was there- 
after adjusted to 6.4 with concentrated hydrochloric 
acid and a 30% aqueous solution of caustic soda. 

35 Rennet (22 g; product of Hansen Company) was 
added, followed by hydrolysis for 15 minutes. After 
the hydrolysis. 4.4 kg of calcium chloride and 560 
g of lactic acid of 88% purity were added, followed 
by thorough mixing. Resulting curd was removed 

40 to obtain a supernatant liquid. The pH of the liquid 
was 4.8. The supernatant liquid was heated at 
90°C for 10 minutes to inactivate the enzyme and 
then cooled to 40 °C. Using a reverse osmosis 
membrane ("MRG^O", trade name; product of Mit- 

45 subishi Rayon Co., Ltd.). the liquid was desalted 
and concentrated with 5 times its volumes of 
deionized water to obtain 501 of a concentrated 
solution. It was concentrated further to 10 t in an 
evaporator and then freeze-dried, thereby obtaining 

so 1.3 kg of x-casein GMP composition as powder. 

As a result of an analysis of the powder by 
electrophoresis, the purity of x-casein GMP was 
found to be 82 wt.%, the ash content 9.8 wt.%, and 
the content of sialic acid in the powder 5.2 wt.%. 

55 
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Example 2z 



Five kilograms of lactic caseinate was added to 
200 I of warm water of 70°C. In a homogenizes s 
the lactic caseinate was dissolved while maintain- 
ing the solution at pH 7 with a 30% aqueous 
solution of caustic soda. The resultant solution was 
then maintained at 37°C. Thereafter, the pH of the 
solution was adjusted to 6.5 with concentrated hy- w 
drochloric add and a 30% aqueous solution of 
caustic acid. Rennet (4.5 g; product of Hansen 
Company) was added, followed by hydrolysis for 
30 minutes. After the hydrolysis, 650 g of calcium 
chloride and 85 g of lactic acid of 88% purity were is 
added, followed by thorough mixing. Resulting curd 
was removed to obtain a supernatant liquid. Be- 
cause the pH of the liquid was 5.2, hydrochloric 
add was added to adjust its pH to 4.6. The super- 
natant liquid was heated at 75 °C for 30 minutes to 20 
inactivate the enzyme and then cooled to 40 °C. 
Using a reverse osmosis membrane ( w MRG-20", 
trade name; product of Mitsubishi Rayon Co., Ltd.), 
the liquid was desalted and concentrated with 5 
times its volumes of deionized water to obtain. 50 I 25 
of a concentrated solution. It was concentrated 
further to 10 I in an evaporator and then freeze- 
dried, thereby obtaining 162 g of x-casein GMP 
composition. 



Examples 3-5: 



Following the procedure of Example 1, x-ca- 35 
sein GMP solutions were separately obtained under 
the conditions given in Table 1. The compositions 
of their dry products were analyzed. The purities of 
the respective x-casein GMP samples are also 
given in Table 1. 40 



Comparative Examples 1-3: 



The procedure of Example 1 was repeated 
under the conditions also given in Table 1. Al- 
though white powders were obtained respectively, 
their analysis results were not satisfactory at all 
because of lower purity of x-casein GMP, higher so 
ash content, and lower content of sialic add. 
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Claims 

5 

1. A process for the production of x-casein 
glycomacropeptide, which comprises subjecting a 
casein to an enzymatic milk-coagulating treatment 
to obtain non-coagulate components as an effluent 
keeping or rendering the effluent acidic to form a io 
precipitate, removing the precipitate from the ef- 
fluent and then subjecting the effluent to a desal- 
ting treatment 

2. The process according to claim 1, wherein 

the casein is acid casein, sodium caseinate, or is 
calcium casemate. 

3. The process according to claim 1 or claim 2, 
wherein the effluent is held at a pH of 4 to 5. 

4. The process according to any of claims 1 to 

3. wherein the enzymatic milk-coagulating treat- 20 
merit is effected using rennin or pepsin. 

5. The process according to any of claims 1 to 

4, wherein the enzymatic milk-coagulating treat- 
ment is effected in the presence of divalent metal 
ions. 25 

6. Use of x-casein glycomacropeptide made by 
the method according to any of claims 1 to 5 as a 
standard composition in a kit for the assay of 
excess weight 

7* Use of x-casein glycomacropeptide made by 30 
the method according to any of claims 1 to 5 for 
the preparation of an appetite suppressant for use 
in weight control programmes. 

35 
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